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Abstract

The results are rresented for a radicecological survey of the
Trinity Site environs, where the world's first (July 1945) atomic
bomb was detonated. The temporal behavior of the low environmental
levels of the plutonium produced by this detonation are discussed.
The data from this study were compared with similar data obtained
in the Trinity Site environs nearly 20 years age. The major change
which was observed was an increased migration of Pu into the soils.
Concentrations of Pu in vegetation and rodents wev¢ tco low to make

valid comparisons,

Introduction

An ecological investigation of plutonium was initiated in the fallout path-
way of Trinity, the first nuclear detonation, which occurred on July 16, 1945
in southern New Mexico. Trinity Site was especially interesting as a study area
because of the "aged" nature of the radiocactive debris distributed in the area.
In addition, it was of interest to gather ecological data on plutonium in the
xeric Trinity Site environs to compare with similar data being gathered in
several semi-mesic ecoaystams at the Los Alamos Scientific Laboratory in north-

ern New Mexico.

The data presented in this paper were obtained from samples gathered during
" one sampling period in the Trinity Site environs on September 27-28, 1972, The
primary objectives of this effort were <o survey the plutonium content of a2 few
ecosystsm components and to measure the field gamma radiation intensity as a
function of distance from Ground Zero (GZ) some 27 years after the detonation
to facilitate the design of more intensive studies.

Methods and Materials

[ .

i Trinity Site, a fenced area immediately around GZ, is located in the semi-
arid northern portion of the Tularosa Basin about 40 miles SW of Socorro, New
Mexico, on the White Sands Missile Range (Fig. 1). A general description of
the physiography, climate, vegetation an ma?nnll of the ares around Trinity
Site can be found in various references.<»”»

A transect vas established along the reported fallouc pathway of the
nuclear debris from the detonation (Fig. 1), utilizing maps constructed by
University of California scientists in 1948.7 Nine sampling locations were
established on the transect, two in the GZ area, and the remainder at 8 ka in-~
crements to a distance of about 56 km from GZ.

One soil core was takon at each location with a disposable 30 c¢m section
of 2.4 cm diameter polyvinyl chloride pipe. .The pipe and contained core from
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Fig. 1. Sampling transect utilized for the radiocecological resurvey of Trinity. ’

each station was sealed in a plastic bag, frozen on return to the laboratory
and sectioned into a 0-2.5 cm, 2.5~7.5 cm and 7.5-30 cm segment.

A sample of the most abtundant forb, grass, and shrub/tree species was col-
lected where possible and was individually sesled in plastic bags. Samples in-~
cluded the above~ground portions of the grasses and forbs and the terminal
leaves and stems of the shrub/tree species. Dust on the plant surfaces was not

removed prior to analysis.

Rodents were collected with peanut butter baited snap traps and vere bagged
and frozen for later dissection. Tissues analyzed for plutonium inciuded lungs,
liver, hide, and carcass (skeleton and skeletal muscle). Care was tuken during
the dissection to avoid cross~contaminating the soft tissues with bair from the

pelt.

Trinitite, the fused soil material formed by the intense haat produced by
the detonation, was also collected to determine its plutonium content and to

identify the gamma emitters present.

Analytical procedures for plutonium included a combination ¢f wet-dry
ashing techniques utilizing a suffle furnace and HNOy-HF solutions followsd by
ion exchange columm ugarnt:lon of glutonil.-. slectrodeposition and slpha ray
spectroscopy for both 233Py and 239Py. The minisum eensitivity of the alpha
counting system based upon background coumte during a 24 hour period was 9.03
pCi 238py or 239Pu/sample (a = 0.05).

LAY

. All soil and vegetation samples contained sufficient Pu and/or were of
sutficient mass to reduce the relative counting atandard deviation om each
sample to less than 25 percenz (1 0). However, the generally low Pu conteat
and small miass of certain rodent tissues resulted in relative counting standaxd
deviacions of as much as 107 psrcent. The standard arrors associated with the

rodent data presented later, reflect this fact.
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Direct measurecent of vadiatfon in the field was accomplished with a
Ludlum Medel 125 Count Rate Meter, which ctilizes a Kal (T1) scincillation

dlzue:ot,. for in situ enviroanental gamoa radistion weasuremencs. is instru-
ment's readout was calibrated to give a proper "WR/h” resding with gaza

rays. During the survay, the instrucent vas hald at abouz 3 feet above the
ground surface and the observed race noted and rerovded ac the respective loca-
tions. Beccuse of an fnhorent photon ansrgy-dependent response, all readings
obtained vith the Ludlum were nornalized using 10 Los Alamos Scientific Labora-
tory envirornontal vadfation dosizetry stations which uiilize Li¥ therzolumin-
escent dosimsters (YLD) for background radiacion mmasurements.® Dosimectric
valuez gbtained from thesd TLD materials have been shosm to be essentially
indapendant of radiacion energy and, thevefore, provided a basis for tha corree~
tion or normalizaclon of the Ludlum Model i2S metsr readings. The normaliza-
tion assumed uniform photon spectral distribution. The observed average vatio
of TiD-determined exposure tates to the Survey meter maasuressncs wis 0.70.

Resylts snd Discussion
The Pu cootent (23%Pu and 238pu) of all ssmpie types ss » function of dis
tance froe GZ is presented in Table 1.
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The Py data for vagetacion (fCi/g vet) were summarised sccerdiag cte the
. type of plant (grass, ferh or shrub/tres) to previie seme basis feor vieviag My
eoncentration gradients vith distsaces from GT eince none of the plents wvere
found st every unuu cmtn. Crass speciss inclwied
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] W
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Larrea xridencata, Lycium rsonit, Junizerus sonosperma and Rhuz macrophylls
vere genetally greater than cm tall.

The Pu data for rodent tissves (IC1/g vet) verz slso summatrized without
vogard to species Decause the inadequatas awmber of ssxples did not parmit o
species covparison and because t‘hwe?.“mmw m
wicth discance frem GZ. Species ¢ ¢ inc [
{-!32&' Le.rm sanicylagus, L. tryei, Onychomys lsycopsster, Neotopa

The Pu conconcracions in many of the sei? core segments (Table 1) were
significancly adeve background. Lewvels is G2 scils were as ruch ss m6 tines
higher than_the 10-100 {Ci Pu/g vhich has beam Taported for seversl New Mexice
ares sofls.” A maximum of sheut 260,700 £CL Pu/g ves ebserved st GZ ia beth
the 0=2.~ ¢ca and the 2.5-" .5 cu core ssguents. The maximum comeentratioa ia
aon~GZ seil (1442 ICi/g) ves messured in tie 0-2.5 ca sagieat trem the 56.4 km

sompling statien.
The Pu data for seils frem the CZ snd 0.1 Mm stacions cannot be compared

with the data fer the remainder of the troasect bacsuse the avea erownd G2 was
sechanically disturbed shertly after the detenation in au effei: te reduce sur-
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The Pu data for rodent tissues in Table 1 show a considerable variadbilicy.
Sources of this variabilicy would include among other things, spscies dfffer-
ences, the lov Pu content of the tissues yielding generaliy poor counting statis-
tics, and sn insufficient number of samples.

In genersl, rodent lungs had the highast mesn Pu concencracions and exhi-
bited a pattern with distance from GZ that was similar to the 0-2.5 cm laysr of
seil and the grass, lung deposition of Pu suggested that recuspension of soil
miy be an izportant machanisms fn che biological radistriburion of. Pu. Other
hmttgﬁon have noted high lung concentrations in small free-rosming
manmals. it

The activity ratios 23%9pu/238py for all seaple types are summarized in
Table 2. The ratios for the 0-2.5 ca and 2.5-7.5 cm core ssgments averaged 19
and 18, respactisaly, while the 7.5-30 cm segment averaged 9. Tha mean values
for vegatation vere sbout 8-12 and about 0.5-2 for rodent tissues. The signi-
ficsace of the decreasing 23%Pu/238py ratio from soils to vcuuuon to rodent
tissves is mot clesr et this tima. It may indicats that 238Py in the Trintty
onvireas is more mobile than 23%py,

fuinioy Sovemmeion.
L

Dme_famels

Salls

02,5 e 19 32 »

2.9~7.3 &n 1.7 v

[T 9.8 2.3 [ .

Sussatiss

Sossese 2.0 g

Porhs 7.8 1.9

Shrube [ ] 1.8 ?

Dalwa

i B i
“ [ =) 1.8 [ 2] 18

[ 3.7 [ X ] »

* o, - SIS |

The Pu content of thres samples of m* G2 measured 3.2 nCi/g,
1.5 aCt/g end 1.2 aCi/g vith sa average 5". ratie of 21 ¥ 0.8 (1 0).
These Pu sonsentratisss ars au‘oro!-tuuuﬁnciumhm-
eontrations in CZ selis. The ooncentracions of the Trinitite ssmples
usasured 0.3 nCl/g, 0.02¢ wCi/g 0.033 aCt/g. muuq data frem vadio-
o80li3ienl studies at los Alames™ indisated that msy eater biolegical
systens teo a greater degrees thaa Pu snd, consequently, msy be of aqual or
greater impertance thaa Pu 85 & centaninemt in nstural ¢ systeas.

widg gariery of sfditizpal radimuslisos vars Ldentifiod in Triaitite,

mmm.—lu‘u'mmuﬁmwmmuam
wers not sigaificantly diffevent from the msasuremeats shtainad at remete leca-
tions or vhat sould be unuou, te be the nastural beckground rediacion levels
for the contral New Mexice aves Noasured values of radiatien alse fall within
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the range of 12-20 uR/h suggested by Cowanl3 as being normal for the northern
White Sands Missiie Range elevation depending on the geological composition of
the earth's crust. The peszsurad values vithin GZ verc significently above
background levsls and spproached a maximun of one mR/h under the measuremant

circumstaonces noted proeviously.

Results of this prelimiasry investigscion indicated that the generzl pattern
of Pu distridbution in soils, vegetation, and rodents as s function of distance
from GZ was similar to the findiags of Leitchd and Olufsun et al.3 However,
thers has bsen an increassd migrazion c¢f Pu into the soils since the last mea~
suremants vers mredz about 20 years ago. Conceatrations of Pu ia all sample
types of the pressat study were generally similar to the findings of 20 years
ago at Trianicy Site. Hovever, the limited number of samples analyzed in the
present study doss not allow an adsquate coxpatrison, and more refined sctudiss

are currently in prograss.
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